Abstract: Computing grids propose to be a very efficacious, economic and ascendable way of image identification. In this paper, we propose a grid based face recognition overture employing a general template matching method to solve the timeconsuming face recognition problem. A new approach has been employed in which the grid was prepared for a specific individual over his photograph using Adobe Photoshop CS5 software. The background was later removed and the grid prepared by merging layers was used as a template for image matching or comparison. This overture is computationally efficient, has high recognition rates and is able to identify a person with minimal efforts and in short time even from photographs taken at different magnifications and from different distances.
Introduction
Facial recognition is a task that humans perform routinely in their daily lives. Techniques used for facial recognition can be feature based (geometrical) or template based (photometric). Geometric methods rely on the shape and position of facial features, also known as nodal points, independently and generate the full picture of the face.
1 Expert witness utilising facial comparison techniques is regularly required to elucidate cases of disputed identity from the photographic evidences submitted to the court. The task is elusive because of image variation in terms of position, size, etc. The method used in this paper addresses some of the variance by extracting concise face descriptions in the form of image grids. Individual specific grid extraction is based on a novel approach, the bunch grid, which is constructed from a small set of lines connecting one landmark to another. The elastic grid method for the purpose of face recognition was earlier used by Wiskott et al. 2 and Ming et al. 3 Recognition is based on a straightforward comparison of image grids. This technique helped in positive and fast identification of individuals and may hence be used in forensic investigations.
Materials and methods
In the present study, photographs of 100 males and 100 females ranging in age from 20 to 30 years were collected from the campus of the host institute. The photographs were collected in the frontal plane using a Nikon Coolpix L120 (14.1 megapixels) camera. For standard measurements, one photograph of each individual was collected without any magnification from a distance of 4 feet, keeping the camera parallel to the face of the individual. In addition to this, two photographs of each individual at different magnifications of 2· and 4· keeping the camera at a distance of 10 feet and two photographs from different distances -6 feet and 10 feet without any magnification were collected for the purpose of verification of the methodology adopted. Individuals with any kind of head or neck trauma that could distort the normal facial appearance were excluded from the present study. Images of some of the individuals were deliberately distorted and then analysed to check the application of the methodology for identification from distorted images.
Preparing a grid
The grid or template was prepared using Adobe Photoshop CS5 software.
After running the software, the image of an individual is opened and landmarks ectocanthion (Ec), endocanthion (En), alare (Al), cheilion (Ch), trichion (Tr) and gnathion (Gn) on that image are selected. Landmarks are selected for the present study and their description according to Face recognition using elastic grid matching Face recognition using elastic grid matching
Analysis of images using grid
The grid so proposed was devised for the identification of an individual from different photographs of the same individual. For comparison of images of different sizes, the size of the template was first adjusted according to the size of the face of the individual in the image to be analysed. In order to adjust the size of the grid/template, the template was first selected by pressing keys Ctrl + T and then any of the corners was dragged using the mouse to adjust the size as required. The location of ectocanthions and endocanthions on the template was selected to correspond with the location of same landmarks on the image, for the proper adjustment of the template over the picture. If the positions of the rest of the landmarks and points on the template corresponded with those of the image along with the ectocanthion and endocanthion positions, it is considered as a positive match as shown in Fig. 5 . The grid/template was also applied cross-individual for the purpose of the verification of the methodology adopted as shown in Fig. 6 . This was done in order to check if the two individuals are adequately different in such a way that their template/grid with respect to their facial features does not interfere with any other individual's grid/template. The hierarchal model of the methodology adopted for personal identification using this methodology is given in Fig. 7 .
Analysis of distorted images using elastic grid
Along with the standard images, the methodology was also employed to check the distorted images. For this purpose, images of individuals were first deliberately distorted in the Adobe Photoshop CS5 software as shown in Fig. 8 . Then the same distortion was applied to the standard template as shown in Fig. 9 . Before the analysis, the opacity of layer one with the template was reduced to 60% in order to facilitate the comparison as shown in Fig. 10 . Images were then oriented in the same plane and were overlapped to examine if the template gives positive results when the images are distorted or not. The same is shown in Fig. 11 .
Results and discussion
The proposed study using the elastic grid for the purpose of image identification gave highly successful positive results. This methodology was applied in the analysis of images of an individual clicked under different conditions and was also Figure 6 Shows the way the template/grid was used for cross individual identification. Face recognition using elastic grid matching Figure 10 Shows the way the opacity of the layer was reduced. Figure 11 Shows the superimposition of the distorted image and template. applied on photographs of different individuals for the purpose of substantiation of the methodology adapted. The study gave positive results of identification even from photographs clicked under different conditions, the distorted images could also be positively identified using the proposed methodology and the grid/template also proved to be individual specific. It was found that the template prepared for one individual never matches with the image of another individual i.e. a template shows a positive match only for a single individual. It is evident from Fig. 6 , the template/grid of the individual 'X' was used on the image of individual 'Y' and it shows difference in the locations of landmarks -ectocanthion (Ec), endocanthion (En), alare (Al), cheilion (Ch) and points -C and D. A small change in the location of landmarks and points majorly affects the distance between the two points and also the angles. So, the grid or template was found to be individual specific and may hence be positively employed in forensic investigations for the reliable identification of the individual in question.
The same methodology was also applied on the distorted images to find out if the template works on the distorted images or not. It was found that depending upon the kind of distortion applied on the image, if the features considered as nodal points are visible in the picture and the distortions applied involve the entire face as a whole, positive identification can be successfully attained by laying similar effects on the template. The only prerequisite of the present study is that the grid/template can only be prepared over the image of an individual in the frontal plane with neutral expressions and the distorted images should contain all the features considered as nodal points in the present study. Any kind of alteration in terms of size or placement of features may lead to false positive or false negative results. For the analysis of the images with different head rotations or orientations, the template may further be adjusted according to the desired orientation depending upon the image submitted for examination.
Conclusion
The study is semi-automatic and uses a manual approach and can prove to be of great use in personal identification from photographs. Further advancements like a software based approach following the same methodology may be devised for easy and quick analysis of an image as it will become easier to try various changes and distortions in a very short period of time. The technique is simple and gives positive and individual specific results for personal identification and may hence be incorporated as a method of identification in forensic cases.
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